shows the SQ-DQ spectrum of the hydrated sample of Do1_4 that is shown in the top trace in Figure  S1 . Compared to Figure 2 of the main article, there is a strong autocorrelation peak visible for H2O. The H2O signal could already be spotted in the 1D spectrum as well. 
Rotor Background
Water Hydrocarbons S4 Figure S2 shows the solution state spectra of donors DMDOMe and DiBP. 
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S5
The deconvolution of the 13 C spectra for DMDOMe and DiBP adducts is shown in Figures S3 and S4 . For Do1_10 the -OCH2 is shown with a single peak deconvolution to illustrate that this peak can be satisfactorily fitted with a single component. The comparison of panel B-E and C-F in Figure S3 clearly showcases the present of additional components at lower ppm values present in Do1_4 compared to Do1_10. C HETCOR spectra of Do1_4, Do1_10 and Do3_7 are shown in Figure S5 . Due to the use of much shorter contact time in the HETCOR measurements compared to the 1D 13 C CP spectra, the HETCOR spectrum of Do3_7 lacks the carbonyl signals. The lack of resolution in the 1 H dimension prohibits to extract much information from these 2D. Figure S6 shows an enlargement for selected resonance in the HETCOR spectrum of Do1_4, where the carbon and proton axes are plotted in a 1:1 ratio. Table S1 shows the relative energies and structural properties of the different conformers of DMDOMe as shown in Figure 4 in the main article. Figure S7 shows the optimized structures for the Do1A and Do1C conformations on the MgCl2 surrogate clusters. The thermodynamic and structural properties of these models are given in Table S2 and S3. This clearly shows that Do1A loses it symmetry after binding to the surface, explaining the observed chemical shift difference for the carbons pairs (C1-C2, C4-C5, and C6-C7). The calculated chemical shifts of these structures can be found in Table 5 of the main article. figure 4 ).
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S2. Supporting data for the chemical shift calculations for DMDOMe
ΔG
Boltzmann distribution Figure S8 and S9 show the optimized structures for the high coverage models of Do1. The thermodynamic properties of the models are given in Table S3 . The calculated chemical shifts of these structures can be found in Table S4 -6. Figure S10 shows the optimized structures for the Do2A and Do2C conformations on the MgCl2 surrogate clusters. Table S8 gives some structural parameters of the models and the thermodynamic properties are given below the structures. The calculated chemical shifts of these structures can be found in Table S9 . Figure S11 shows the optimized structures for the high coverage models of Do2 of which the calculated chemical shifts are given in Table 2 of the main article. A. B. Figure S11 : Optimized structure of clu_27u_110 + 3Do2A (A., side and top view) and clu_27u_110 + 3Do2C (B., side and top view) , see text for details. Figure S12 shows the optimized structures for the Do3 conformations on the MgCl2 surrogate clusters of which the calculated chemical shifts are given in Table 7 of the main article. Table S10 gives the adsorption energies for the different models, which show that DiBP can coordinate in different fashions to both surfaces with comparable energies. The only exception being conformer Do3S on the (104)-surface, which has a slightly weaker adsorption energy (6-8 kcal/mol). Table S11 gives some structural parameters of the models. Table S12 gives the nearest neighbour carbon-proton distances for the carbonyl carbon to investigate the potential of a semi-quantitative interpretation of CP measurements. The labelling of the protons follows Figure S13 . With the exception of clu_27u_110 + Do3A, all C-H distances are approximately 2.6 Å. 
S3. Supporting data for the chemical shift calculations for DMFluo
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S4. Supporting data for the chemical shift calculations for DiBP
